A considerable proportion of dietary plant-polyphenols reach the colon intact; determining 27 the effects of these compounds on colon-health is of interest. We hypothesise that both fibre 28 and plant polyphenols present in açai (Euterpe oleracea) provide prebiotic and anti-genotoxic 29 benefits in the colon. We investigated this hypothesis using a simulated in vitro gastrointestinal 30 digestion of açai pulp, and a subsequent pH-controlled, anaerobic, batch-culture fermentation 31 model reflective of the distal region of the human large intestine. 32
is assumed that the lipids and non-fibre carbohydrates are absorbed in the small intestine and 77 Tween 80 (2 ml/L), Haemin (0.05 g/L), vitamin K1 (10 ml/L), L-cysteine (0.5 g/L), bile 139 salts (0.5 g/L), resazurin (1 mg/L) and distilled water (Sigma Aldrich, UK)]. These vessels 140 were gassed overnight with O2-free N2 at a rate of 15 ml/min. The temperature of the basal 141 nutrient medium was set to 37 °C by use of a circulating water bath and the pH was 142 maintained at 6.8 using a pH controller and NaOH 1M and acidic HCl 1M as necessary 143 (Electrolab, UK). In order to mimic conditions located in the distal region of the human large 144 intestine the experiment was run under anaerobic conditions, 37 °C and pH 6.8− 7.0 for a 145 period of 24 h. 146
Faecal samples were collected from three separate individuals and used as inoculant for the 147 simulated colonic fermentation of the digested açai. All donors were in good health and had 148 not taken any antibiotics for at least 6 months before the study; they had no history of bowel or 149 gastrointestinal diseases. Samples were donated on the morning of the fermentation. The 150
volunteers were asked to provide these in an anaerobic jar (AnaerojarTM 2.5L, Oxoid Ltd) 151 which included a gas-generating kit in order to maintain anaerobic conditions. Samples were 152 diluted (1:10 W/V) with phosphate buffered saline (0.1 M; pH 7.2) and homogenised in a 153 stomacher (Seward, Norfolk, UK) for 2 min at normal speed. Faecal slurries (15 ml) for each 154 individual were introduced to three different batch-culture vessels. 1 gram of the freeze dried 155 containing açai (as a negative control), was used as a substrate in the batch culture vessels. 157
Fermentation was conducted for 24 h, and samples were collected at three time points (0, 8, 158 and 24 hours) for analysis ( Figure 22 ). Samples were stored at -20 °C until analysis. 159 2.5 Identification and quantification of gastric and colonic metabolites. 160
High-performance liquid chromatography (HPLC). 161
Phenolic acids and other compounds present in fresh açai pulp, and the phenolics present in 162 samples following the simulated digestion and following the batch culture simulated colonic 163 fermentation were assessed via HPLC. Methanol extracts were prepared with samples at each 164 stage of the digestion model. The extracts were centrifuged at 13,000 g for 10 min and the 165 filtered through 0.45 µm-acrodisc filters to remove particulates. HPLC was performed using 166 an Agilent 1100 series HPLC (Hewlett -Packard, Agilent, Bracknell, UK). A Nova Pak C18 167 column (250 mm 4.6 mm ID, 5 µm particle size) (Waters Ltd, Elstree, UK) was used to 168 separate the phenolic constituents. The solvent flow rate was 0.4 ml/min and the column was 169 allowed to equilibrate for 15 min between each injection. Mobile phase A consisted of 95% 170 HPLC water, 5% methanol and 0.1% HCl (5 M). Mobile phase B was 50% HPLC water, 50% 171 acetonitrile and 0.1% HCl (5M). Phenolic compounds were characterised by their retention 172 time and comparison with known phenolic standards (Rodriguez-Mateos, Cifuentes-Gomez, 173
Tabatabaee, Lecras, & Spencer, 2012). Detection wavelengths were 280, 254, 320 and 520 174 nm and all data was analysed using ChemStation software. A standard curve was used to 175 quantify the amount of each compound. 176
Total phenolic content. 177
The total phenolic contents were analysed according to the Folin-Ciocalteu method 178 adapted to 96-well plate microlitre assay, using gallic acid as the standard; 5 µl of the 179 diluted extracts or standards were mixed with 145 µl of distilled water and 25 µl of were prepared in carrier control (at 0%, 1%, 2.5%, 5%, 10% (v/v)) and incubated with cells 235 for 24 hours at 37˚C. The medium was removed and 100 µL of 4′, 6-Diamidino-2 236 phenylindole dihydrochloride (DAPI) (3mM) was added for 4h at 37˚C. The DAPI was 237 removed and absorbance measured at 540 nm using a GENios Pro TM micro-plate reader 238
with Magellan TM . The experiment was repeated in triplicate in independent experiments. 239
The results were expressed as mean % cell survival normalised to control (without 240 treatment). 241
Anti-genotoxicity assay, single cell Gel Electrophoresis (Comet assay). 242
The assay was carried out following a method described previously (Brown et al., 2012). 243 HT29 cells were adjusted to 3.2x10 6 cells ml -1 (450µl). The cells were incubated with the 244 filter sterilised batch culture fermentation supernatants of the simulated digestion of açai , or 245 with the açai free fermentation as a control (2.5%,250µl) for 24 hours at 37˚C. After 24 hours 246 cells were trypsinised and resuspended in media where they were challenged with 75mM 247 H2O2 (100µl) (Sigma-Aldrich, UK) on ice (4˚C) for 5 minutes. Cell viability was assessed 248 before and after incubation using Trypan blue. The cells were then centrifuged for 5 249 minutes at 250 g at 4˚C, and the supernatant discarded. The cells were re-suspended in 85µl 250 of 0.85% lower melting agarose (Sigma-Aldrich, UK) in PBS and maintained in a water bath 251 at 43˚C. The suspension was mixed well and coated onto frosted slides (pre coated with a 252 layer of 1% normal melting point agarose) (Sigma-Aldrich, UK). The slides were incubated 253 at 4 o C for 10 minutes before being placed in cell lysis buffer (1% Triton X-100 2.5 NaCl, 254 0.1M EDTA, 0.01M Tris at pH10) for 1 hour at 4˚C. The slides were washed with 100 ml of 255 enzyme buffer pH 8.0 (400 mM Hepes, 1M KCL, 5mM EDTA, 2mg/ml BSA Sigma-Aldrich, 256 UK) in a staining jar three times for 5 minutes at 4˚C. For base specific assessment of 257 oxidised pyrimidines or purines we applied a (100 µl) treatment of either Endonuclease III 258 (FPG) respectively to a subset of the slides post-treatment; control slides were exposed to 260 enzyme reaction buffer, in the absence of enzymes. The enzyme treated slides were incubated 261 at 37˚C for 45 min with the EndoIII or 30 min with the FPG treatment. The DNA was 262 allowed to unwind in electrophoresis buffer (10M NaOH, 0.2M EDTA, pH 13.5, Sigma-263 Aldrich, UK) at 4˚C for 20 minutes before electrophoresis (20 minutes at 26V, 300 MA 264 (0.037 V/cm). After that, the slides were washed 3 times with neutralising buffer (0.4M Tris, 265 pH 7.5 with HCl, Sigma-Aldrich, UK) at 4˚C for 5 minutes. All slides were stained with 45µl 266 of ethidium bromide (20µg/ml in PBS) and stored in a dark, moist box at 4˚C for no longer 267 than 48h. Comets were visualised at 400 X magnification using an epifluorescence microscope 268 (Olympus, Bx51). Fifty cells per slide were analysed and the % tail moments quantified using 269 those observed with the raw açai. As measured by the folin ciocalteau assay the availability 328 of total phenolics had reduced by 51% following the digestion of the açai pulp (Table 1) . 329
Following dialysis, the digested açai was added to fermentation media and fermented in 330 batch cultures using human faecal samples as innocula, samples of the fermentation 331 supernatant were collected at 0, 8 and 24h analysed using HPLC for individual phenolics 332 (Table 2 ) and for total phenolics via Folin Ciocalteau. After 24 hours of fermentation, 7 333 polyphenols were recovered, p-hidroxybenzoic acid, chlorogenic acid, ferulic acid, quercetin 334 acid, and vanillin acid. Their concentrations decreased progressively with incubation time. No 335 phenolic compounds were detected in the control samples (standard fermentation broth). 336 capacity as observed in the FRAP assay. With the simulated digestion and destruction of 338 polyphenols the antioxidant capacity fell by 57% and following fermentation the total 339 antioxidant capacity was 34% of that of the undigested açai. Batch culture fermentation 340 supernatants with the digested açai did however have a higher total antioxidant capacity than 341 the control fermentation supernatant (Table 2) . Sugar and dietary fibre were analysed by 342
Campden BRI laboratories (AOAC Method AC-203). The açai pulp total fibre content was 343 15.5 g/100 g (15.0g/100 insoluble) and 1.6 g /100 g of sugar. After the digestion the açai 344 pulp had a remaining total fibre content of 10.2 g/ 100g and a sugar content of 1.0g /100g. 345
Cytotoxicity of fermented açai digests. 346
HT29 cells were treated with filter sterilised fermentation supernatants at a concentration of 347 0%, 1%, 2.5%, 5% and 10% (v/v) in carrier control media for 24 hours. There were no 348 cytotoxic effects after 24 hours for either the açai or the carrier control fermentations at 349 concentrations of 1% and 2.5% v/v. However, at 5% and 10% concnetrations, viability fell 350 to 80% and to 56% respectively. The 2.5% v/v dilution was therefore considered to be most 351 appropriate for further investigation (Supplemental Figure 1) . 352
Anti-genotoxicity (Comet assay) 353
The comet assay (Single Cell Gel Electrophoresis) was used to assess DNA damage. Filter 354 sterilised samples were prepared from the fermentation broths, collected at 0 hours of 355 fermentation, or following 24 hours of fermentation. These supernatants were applied at 356 2.5% v/v in carrier control to HT-29 cells and incubated for 24 hours, DNA damage was then 357 induced by subsequent exposure to 75 M H2O2 for 5 minutes. A significant anti-genotoxic 358 effect (P<0.05) was observed for the fermentation supernatant containing the digested açai at 359 0 hours, with a reduction in DNA damage of approximately 31.5% (6.66 ± 1.2 %) verses the 360 açai free fermentation supernatant used as a negative control (9.73 ± 0.8 % tail DNA) ( Figure  361 3). Moreover, after 24h incubation the fermentation supernatant from the açai digesta 362
Here, we present data modelling the effects of consuming of açai on the gastrointestinal 366 tract. In the first instance, our work demonstrates that polyphenols present in açai may be 367 degraded during the digestion process, but importantly, that they are not fully destroyed and 368 a significant percentage of these compounds may therefore reach the colon. In our simulated 369 colonic environment, these phenolics were shown to be further degraded, and alongside the 370 dietary fibre present in açai, they may influence the composition of the gut microbiota, with 371 resultant increases in the synthesis of SCFA. Finally, the presence of digested açai in the 372 fermentative model of the colon is shown to confer protection against genotoxic insult in 373 what is an otherwise carcinogenic environment. 374
Food ingredients escaping digestion in the upper GI tract, which then go on to selectively 375 stimulate the growth and activities of beneficial gut microflora, such as bifidobacteria and 376 lactobacilli, over less desirable groups, such as Clostridium histolyticum, may be considered 377 prebiotic (Gibson, 1998) . We used a 24h pH-controlled batch-culture fermentation model, 378 inoculated with human faecal microbiota, to examine the prebiotic potential of digested açai 379 pulp. We found an inhibition in the growth of Bacteroides-Prevotella and Clostridium The production of SCFA, as a result of saccharolytic fermentation, in the large intestine is 393 also of benefit to the health of the host (Collins & Gibson, 1999) . SCFAs serve as substrates 394 for energy metabolism in the colonic epithelia (Gibson, 1998), they may also reduce the 395 growth of pathogens, exert anti-cancer and anti-inflammatory activities, and they serve as 396 signalling molecules in the gut-brain axis, influencing metabolism and satiety (Gibson, 397 Probert, Van Loo, Rastall, & Roberfroid, 2004) . In this study, the total SCFA, and the acetic 398 acid, propionate and butyrate concentrations were all higher in supernatants from the 399 fermentations with the digested açai pulp. Acetic acid is the main product of saccharolytic 400 fermentation by bifidobacteria and bacteroides (Collins & Gibson, 1999). As our bacteriodes 401 count decreased with the digested açai, and there were no significant differences between the 402 numbers of bifidobacteria in treatment versus control, the observed higher concentrations of 403 acetate may reflect the utilization of lactic acid by other microorganisms, thus producing 404 . A similar dietary intervention study with açai is needed to confirm 440 that this may be of benefit to the consumer. 441
Our study utilizes an in vitro model to mimic gastrointestinal transformations which are 442 otherwise challenging to capture in vivo. These models have been widely used and are well 443 published. The batch culture fermentation system has been developed to screen the effects of 444 it simulates only the conditions of the distal colon, with pH control mimicking conditions at 446 that site but limiting the success of species which thrive at lower pH (Faber, Fahey Jr, 447
Paeschke, & Aimutis, 2011). Furthermore, there is no clearance of substrate/and or 448 fermentation products via the absorptive process, as would occur in vivo; the build-up of 449 product in the fermentation vessel affects microbial activity and metabolite production. 450
However this work provides insight into mechanisms through which açai consumption might 451 influence both digestive and systemic health, and provides evidence to justify further 452 intervention. 453
